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ABSTRACT 
An abstract of the thesis of Sherry Vlasta Spencer for the 
Master of Science in Biology presented February 10, 1994·. 
Title: Recovery of Marsh Vegetation at Malheur Lake 
Following an Extended Flood 
Water levels of Malheur Lake in southeastern Oregon 
fluctuate widely with seasonal and cyclic climatic 
changes. Seven years of severe flooding from 1978 to 1984 
produced the highest water levels in recorded history and 
covered almost all marsh vegetation. Seven years of 
drought followed the flooding, and by 1992 the water level 
had dropped to the lowest point in nearly 60 years. A 
survey of vegetation colonizing the lakeshore as flood 
water receded was conducted from 1989 to 1992 to describe 
the reestablishment of marsh vegetation. Six transects 
were placed in three different ecological units of the 
lake. Frequency and cover data for each plant species 
were recorded. Recruitment from seed banks produced 
germination the first year of annual, mud flat species 
followed the second year by perennial emergent seedlings. 
The emergent seedlings generally did not survive the 
2 
drought as water levels continued to recede. The seeds of 
introduced Eurasian species were distributed by wind, 
became lodged in the cracks of drying mud flats and then 
germinated following winter rains. The central ecological 
unit, fed by both the Blitzen and Silvies Rivers, did not 
show severe effects of drought and species of emergent 
vegetation grew without apparent signs of drought stress. 
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CHAPTER I 
INTRODUCTION 
The water level of shallow lakes found in arid 
climates fluctuates greatly with seasonal and cyclical 
shifts in rainfall. Changes in marsh vegetation result 
from these cyclical fluctuations (Weller and Spatcher, 
1965; van der Valk and Davis, 1978; Pederson and van der 
Valk 1983). Occasionally extremes in mean rainfall extend 
over several years. Such a scenario occurred at Malheur 
Lake where total precipitation exceeded 150% of normal 
from 1978 to 1984 (Deubbert, 1989). Lake levels rose to 
the highest in recorded history dating from 1903. Seven 
years of above normal precipitation were then followed by 
seven years of drought and precipitation 83% of normal. 
Lake levels dropped rapidly from 1986 until the drought 
ended in October of 1992. The total surface area of the 
lake dropped from a record 49,777 hectares (123,000 acres) 
to approximately 162 hectares (400 acres). As the water 
level rose, marsh habitats and emergent vegetation were 
inundated. As water levels subsequently dropped, 
extensive mudflats devoid of vegetation appeared along the 
receding shoreline. After making this observation, my 
objective was to describe successional changes in 
vegetation so long as the shoreline continued to recede. 
GEOGRAPHIC FEATURES AND CLIMATE 
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Malheur Lake is located in the northernmost part of. 
the Great Basin (Figure 1). It is fed on the north side 
by the Silvies River which originates in the Blue 
Mountains and on the south side by the Donner und Blitzen 
River which drains the west side of the Steens Mountain. 
There are no outlets from Malheur Lake, although overflows 
divert to Harney Lake to the east through Mud Lake. 
Overflow only occurs when the elevation of the lake 
surface exceeds 1247.5 meters. The three lakes are 
remnants of a pluvial lake that occupied much of the 
Harney Basin prior to the end of the Pleistocene. As 
warmer and drier climates began to prevail 10,000 years 
ago, lake levels fell and a former outlet to the Malheur 
River was literally left high and dry. 
Extreme fluctuations in the water supply and the 
shallow nature of the lake create wide fluctuations in the 
total acreage covered by water. Snowfall depths in the 
mountains, annual precipitation amounts, temperature, and 
evaporation rates determine the size and depth of the lake 
at any given time. Measurements of precipitation are 
taken at the Malheur National Wildlife Refuge Headquarters 
· t a:tnf>ll!i 
located on the southern shore of the lake near the inf low 
of the Blitzen River~ The average annual precipitation 
over the 30 years prior to 1978 was 22.22 centimeters and 
for the seven years of flooding rose to an average of 
31.95 centimeters, a gain of 144%. Precipitation in 1983 
alone exceeded 200% of of the 30 year average (Table 1). 
Precipitation for the seven years of drought averaged 
18.49 centimeters and in 1990 was 56% of the 30 year 
average at 12.45 centimeters. 
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Strong winds, predominantly from the southwest, 
prevail much of the year and contribute to the average 
evaporation from the lake of 101.6 centimeters per year. 
Average temperatures in winter range from -8.72°C to 
2.06°C, and in summer from 11.17°C to 30.11°C. Unusually 
mild summers (average summer temperatures ranged from 
15.7°C to l8.l°C) from 1980 through 1986 reduced average 
evaporation and thereby contributing to the unusually high 
level of the lake. 
Although the surface area of the lake fluctuates 
greatly, the average area is 18,616 hectares (Oregon State 
Water Resources Board, 1967) (Table 2). The lowest point 
in the lake basin lies at 1,246.5 meters above sea level. 
Prior to the extensive flooding in the 1980's, the highest 
recorded elevation of the surf ace of the lake occurred in 
1959 and reached 1248.5 meters above sea level. 
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TABLE I 
ELEVATION-SURFACE AREA FOR MALHEUR LAKE 
Elevation (above sea level) Surface area 
(feet) (meters) (acres) (hectares) 
4,080 1243.5 0 0 
4,085 1245.0 0 0 
4,088 1246.0 0 0 
4,089 1246.5 2,000 810 
4,090 1246.5 4,000 1,621 
4,091 1247.0 14,000 5,673 
4,092 1247.0 25,200 10,211 
4,093 1247.5 34,600 14,020 
4,094 1248.0 44,000 17,829 
4,095 1248.0 53,500 21,678 
4,096 1248.5 62,900 25,487 
4,097 1249.0 72,500 29,377 
4,098 1249.0 81,100 32,862 
4,099 1249.5 90,800 36,792 
4,100 1249.5 100,000 40,520 
4,101 1250.0 110,000 44,572 
4,102 1250.5 119,000 48,219 
4,103 1250.5 127,000 51,460 
4,104 1251.0 135,000 54,702 
4,105 1251.0 142,000 57,538 
4,110 1252.5 178,000 72,126 
4,115 1254.5 216,000 87,523 
4,119 1255.5 247,000 100,084 
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Information on the size of the lake prior to 1865 can only 
be estimated based on tree-ring studies (Piper et al., 
1939). Estimates of lake levels from 1865 to 1938 made by 
various observers were general and usually indicated the 
status of the connection between Malheur and Harnay Lakes. 
In 1908 a National Wildlife Refuge was created to include 
Malheur, Mud and Harney Lakes. It was administered by the 
U.S. Department of Agriculture but accurate records for 
precipitation or surface elevation were not kept at that 
time. The Malheur Refuge was transferred to the 
Department of the Interior for administration by the U.S. 
Fish and Wildlife Service in 1933. Regular staff gauge 
readings of surface elevations were implemented in 1938. 
From all available information it appears that drought and 
high water flooding are cyclical and that the intervals 
range from 70 to 90 years (Deubbert, 1969). 
Malheur Lake has been divided into three ecological 
units by the U.S. Fish and Wildlife Service and are 
designated as Units 4, 5 and 6 (Figure 3). The units are 
part of a management unit system for the refuge. The 
western unit, Unit 4, is characterized by a network of 
ponds and islands. In 1969 prior to flooding, emergent 
vegetation occupied 40% of the surface of the unit and 
consisted primarily of Scirpus acutus, Sparganium 
eurycarpum, Typha latifolia and Juncus balticus (Deubbert, 
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Figure 3. Ecological units of Malheur Lake (U.S. Fish and 
Wildlife Service, 1969). 
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1969). The water here is mildly alkaline, averaging pH 
7.9 (U.S. Bureau Sport Fisheries and Wildlife, 1965). It 
is from this unit that water flows into Harney Lake when 
surface elevations exceed 1,247.5 meters. Unit 5 is 
located in the middle third of the lake and is fed by both 
the Silvies and Blitzen Rivers and also averages pH 7.9. 
It is separated from Unit 4 by a peninsular ridge, Graves 
Point. The basin of this area is deeper than that of the 
other ecological units. Emergent vegetation occupies 
53.9% of the surface of this unit and is characterized by 
Scirpus acutus and some Sparganium eurycarpum, Typha 
latifolia, Juncus balticus and Carex spp. Unit 6 is 
located on the east end of Malheur Lake and is separated 
from the main lake by Cole Island Dike. Because of 
restricted flushing of water, the pH averages 8.6. This 
unit contains low ridges and islands, but holds more open 
water than the other units (Deubbert, 1969). Juncus 
balticus and Hordeum jubatum are common on the ridges. 
Emergent vegetation in this area occupies only 9.4% of the 
surface. 
REVIEW OF LITERATURE 
W. H. Pearsall (1920) first applied the plant 
successional model of F.E. Clements (1916) to wetlands. 
In studying lakes in Oklahoma having fluctuating water 
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levels, w. T. Penfound (1953) determined that succession 
of vegetation to climax species did not occur due to 
disturbance from frequent inundations. studies of 
reestablished vegetation in prairie glacial marshes (van 
der Valk and Davis, 1978) and in the Great Basin (Smith 
and Kadlec, 1983) suggest that the recovery of emergent 
vegetation is dependent on seed banks (van der Valk and 
Davis, 1978; Smith and Kadlec, 1983; Haag, 1983; Pederson 
and van der Valk, 1984; Pederson, 1981). Van der Valk 
(1980) developed a model of succession in freshwater 
wetlands based primarily on information from seed banks 
that predicts the reestablishment of vegetation when 
environmental conditions change. 
No vegetation studies occurred at Malheur Lake prior 
to the extensive flooding in 1978 through 1984. All that 
existed was a list of species identified by Morton E. Peck 
for the Malheur Wildlife Refuge and vicinity that was 
compiled around 1940. In a report prepared for the 
Portland Ecological Services Field Off ice and the Malheur 
National Wildlife Refuge, U.S. Fish and Wildlife Service, 
Roger L. Pederson (1985) recommended that field studies be 
initiated. He suggested that permanent transects or plots 
be established to determine the frequency of changes of 
plant species composition. This study is a survey of the 
vegetation that appeared on the mudflats that developed as 
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the water level of Malheur Lake fell during the drought of 
1985 to 1992. 
CHAPTER II 
MATERIALS AND METHODS 
Five line transects were established within the three 
ecological units of Malheur Lake. Transects #1 and #2 
were located in the western unit, transect #3 in the 
central unit, and transects #4 and #5 in the eastern 
ecological unit (Figure 4). 
One-meter square quadrats were randomly placed along 
the transects (except for transect #1, see below) to 
survey the vegetation. String divided the quadrats into 
four equal quadrants to facilitate the estimation of 
percent cover for each species present. A species:area 
curve was graphed for each transect to ensure adequate 
sampling. All taxonomic nomenclature follows Hitchcock & 
Cronquist (1973). 
Transect #1, established in June of 1989, was located 
on the southwest shore of the lakebed approximately one 
mile from the Narrows. The high water point of the 
transect line was determined by the U.S. Fish and Wildlife 
Agency early in 1988, and marked by a post within a tire. 
The transect was oriented at a bearing of 350 degrees off 
true north from the post. Each quadrant was located at 
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ten meter intervals along the transect line from the post 
to the water's edge. The data collected for each species 
in each quadrat included percent coverage, average height, 
and number of plants. Most of the vegetation consisted of 
herbaceous, low statured plants, so an estimate of canopy 
coverage was the method employed. Average height was also 
estimated after measuring approximately 10% of 
representative plants including the tallest and shorter 
ones. Plant counts proved to be time consuming and 
difficult because of the clonal characteristics of 
graminoid species, so this method was abandoned after the 
first year. Subsequent surveys were conducted in 
September 1989, June 1990, September 1990, July 1991, and 
July of 1992. On each date the water line was marked with 
a flag or a post. 
Transects 2-5 were established in July of 1991 and 
surveyed again in July and August of 1992. Transect #2 
was located on a long, narrow island oriented towards the 
northeast. The transect line began at a point on the 
water's edge on the southwest end of the island, was 
orientated at 60 degrees, and extended 326 meters, to the 
water's edge at the other end of the island. The maximum 
distance between the randomly placed quadrats was 30 
meters. 
Transect #3 was established just north of the u.s. 
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Fish and Wildlife Refuge Headquarters near the mouth of 
the Blitzen River. rt was divided into two sections, with 
the first transect extending from the southwest corner of 
the bridge adjacent to the boat launch for a distance of 
532 meters at 200 degrees to the original high water line. 
The beginning point of the second section of Transect #3 
was located 95.5 meters beyond the bridge associated areas 
of heavy disturbance. This transect section was oriented 
at 340 degrees for a distance of 157 meters to the water's 
edge. The maximum distance between randomly placed 
quadrats was 55 meters. 
Transect #4 was located in the eastern ecological 
unit on an island accessible only by airboat in 1991. It 
crossed an island for a distance of 190 meters at 110 
degrees. The maximum distance between quadrats was 25 
meters. 
Transect #5 was placed on the shore of the lake near 
Windy Point. The high water line of the flood was 
approximately 4.8 kilometers from the lake shore in 1991 
and most of that distance was covered with a playa 
supporting a single plant species widely scattered in 
patches. Once vegetation became more diverse a transect 
was established which extended for 444 meters to the 
water's edge at a compass bearing of 320 degrees. The 
maximum distance between randomly placed quadrats was 55 
16 
meters. 
Two soil samples were collected from each transect in 
1992. Cores of five centimeters in depth were used for 
lab analysis to determine pH, phosphorus, extractable 
bases (Ca, Mg, K, and Na), total nitrogen, cation exchange 
capacity and soluble salts. The lab analyses were done at 
the Soil Testing Laboratory at Oregon State University. 
Soil was collected from each transect in areas where 
little or no vegetation was growing. These samples were 
carefully shoveled from an area of 10x10x3 cm. The 
samples were placed in perforated plastic trays lined with 
absorbent paper to prevent soil loss. These trays were 
placed in a larger tray that was filled with a water to a 
depth of 1.3 cm. above the base of the tray. The trays 
were placed under grow lights in a temperature controlled 
greenhouse, and checked periodically for evidence of seed 
germination. 
CHAPTER III 
RESULTS 
Ecological Unit #4 
Relative frequency and percent cover data are shown 
on Tables 2-7 for Transects #1 and #2. I have divided 
Transect #1 into two sections, the upland area that had 
been flooded and the original marsh area. Vegetation of 
the marsh area could then be compared to other areas of 
the lake for which data was gathered in 1991 and 1992. 
The number of species found on the upland section of 
Transect #1 dropped from 8 to six over the four years 
studied and dropped from 11 to 9 species on the wetland 
section of Transect #1 over two years. Ten species were 
listed in 1991 on Transect #2 and that number dropped to 9 
the following year. The only emergent species that 
appeared in the upland area of Transect #1 was Juncus 
balticus while the only emergent species germinating in 
the wetland areas of Transect #1 and in Transect #2 were 
Scirpus acutus and Scirpus maritimus. Ephemeral mud flat 
species such as Aster frondosus and Chenopodium rubrum 
were dominant the first two years but were absent by 1992 
(Figure 5). Distichlis stricta, a dominant species, 
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TABLE II 
TRANSECT #1 (UPLAND) - PERCENT COVER 
1989 1990 1991 1992 
Juncus balticus 1.8% 0.4% 0.0% 0.0% 
Distichlis stricta 6.0% 14.3% 21.9% 24.6% 
Hordeum jubatum 1.4% 1.1% 0.2% 0.4% 
Atrip/ex sp. 0.6% 0.0% 0.2% 0.0% 
Bassia hyssopifolia 0.0% 0.5% 16.0% 19.1% 
Chenopodium rubrum 5.0% 0.0% 0.0% 0.0% 
Sueda spp. 1.2% 0.0% 5.4% 0.1% 
Aster frondosa 17.5% 5.5% trace 0.0% 
other spp. 0.0% 0.0% 0.4% 1.1% 
TABLE Ill 
TRANSECT #1 (UPLAND) - RELATIVE FREQUENCY 
1989 1990 1991 1992 
Juncus balticus 7.9% 3.3% 0.0% 0.0% 
Disfichlis stricta 21.1% 40.0% 33.3% 42.9% 
Hordeum jubatum 13.2% 10.0% 3.6% 3.6% 
Atrip/ex sp. 10.5% 0.0% 7.1% 0.0% 
Bassia hyssopifolia 0.0% 13.3% 32.1% 44.6% 
Chenopodium rubrum 13.2% 0.0% 0.0% 0.0% 
Sueda spp. 10.5% 3.3% 20.2% 5.4% 
Aster frondosa 21.1% 30.0% 1.2% 0.0% 
other spp. 2.6% 0.0% 2.4% 3.6% 
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TABLE IV 
TRANSECT#1(WETLAND)-PERCENTCOVER 
1991 1992 %Change 
Scirpus acutus 0.4% 0.3% -0.1% 
Scirpus maritimus 0.1% 0.0% -0.1% 
Distichlis stricta 1.6% 10.4% 8.8%" 
Hordeum jubatum 0.5% 1.7% 1.2% 
Puccinellia nuttal/iana 0.2% 0.4% 0.2% 
Polygonum sp. 0.0% trace trace 
Atriplex sp. 0.0% 0.0% 0.0% 
Bassia hyssopifolia 0.3% 45.8% 45.5% 
Chenopodium rubrum 0.2% 0.0% -0.2% 
Kochia scoparia 0.0% 0.2% 0.2% 
Sueda spp. 0.4% 0.5% 0.1% 
Potentilla anserina trace 0.0% trace 
Heliotropium curassavicum trace trace trace 
Aster frondosa 2.6% 0.0% -2.6% 
TABLE V 
TRANSECT #1 (WETLAND) - RELATIVE FREQUENCY 
1991 1992 % Change 
Scirpus acutus 6.9% 3.7% -3.2% 
Scirpus maritimus 1.4% 0.0% -1.4% 
Distichlis stricta 26.0% 20.2% -5.9% 
Hordeum jubatum 6.9% 8.3% 1.4% 
Puccinellia nuttal/iana 1.4% 1.8% 0.5% 
Po/ygonum sp. 0.0% 0.9% 0.9% 
Atriplex sp. 0.0% 0.0% 0.0% 
Bassia hyssopifolia 6.9% 56.9% 50.0% 
Chenopodium rubrum 1.4% 0.0% -1.4% 
Kochia scoparia 0.0% 1.8% 1.8% 
Sueda spp. 5.5% 5.5% trace 
Potentilla anserina 1.4% 0.0% -1.4% 
Heliotropium curassavicum 1.4% 0.9% -0.5% 
Aster frondosa 6.9% 0.0% -6.9% 
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TABLE VI 
TRANSECT #2 - PERCENT COVER 
1991 1992 % Change 
Scirpus acutus 0.7% 0.8% 0.1% 
Scirpus americanus trace trace 0.0% 
Distichlis stricta 2.4% 17.4% 15.0%" 
Hordeum jubatum 2.6% 8.7% 6.1% 
Puccinellia nuttalliana 0.1% 0.2% 0.2% 
Bassia hyssopifolia 0.1% 22.0% 22.0% 
Chenopodium sp. 2.3% 0.0% -2.3% 
Kochia scoparia 0.0% 0.2% 0.2% 
Potentilla anserina trace 0.0% trace 
Heliotropium curassavicum 0.1% 0.1% 0.0% 
Aster frondosa 10.8% 0.3% -10.5% 
Bare ground 81.0% 50.3% -30.7% 
TABLE VII 
TRANSECT#2-FREQUENCY 
1991 1992 % Change 
Scirpus acutus 52.9% 47.1% -5.9% 
Scirpus americanus 2.9% 2.9% 0.0% 
Distich/is stricta 47.1% 73.5% 26.5% 
Hordeum jubatum 14.7% 32.4% 17.6% 
Puccinel/ia nuttal/iana 2.9% 2.9% 0.0% 
Bassia hyssopifo/ia 5.9% 85.3% 79.4% 
Chenopodium sp. 8.8% 0.0% -8.8% 
Kochia scoparia 0.0% 11.8% 11.8% 
Potentilla anserina 2.9% 0.0% -2.9% 
Heliotropium curassavicum 5.9% 5.9% 0.0% 
Aster frondosa 52.9% 11.8% -41.2% 
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Figure 5. Comparison chart for mud flat, emergent and 
other species in Unit 4. 
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increased in cover and in frequency along almost all 
transects, especially in the upland area. However, there 
was a slight decrease in relative frequency on the wetland 
area of Transect #1. This coincides with a very large 
increase in relative frequency and cover for Bassia 
hyssopifolia which became the other dominant species. 
Hordeum jubatum and Puccinellia nuttalliana, perennial 
bunchgrasses, both made modest gains in cover in the 
wetland areas, but decreased in the upland area. 
Ecological area #5 
Tables 8-11 display frequency and percent coverage 
data for Transects #3A and #3B. Transect #3A which 
includes the original upland area as well as emergent 
wetlands contained 54 species in 1991 and that number 
dropped to 47 species in 1992. Transect #3B, almost 
entirely wetland habitat, increased from 22 species to 29 
species over the two years. Frequencies of emergent 
vegetation increased greatly and percent cover increased 
modestly on Transect #3A (Figure 6). Frequencies of 
emergent vegetation decreased greatly on Transect #3B, but 
there was a concurrent increase in percent cover. Annual 
species germinating on mudflats (Aster frondosus, 
Gnaphalium palustre, Eragrostis hypnoides, Chenopodium 
rubrum) decreased in frequency and cover on both 
transects, except where Aster frondosus colonized a large 
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TABLE VIII 
TRANSECT #3A - PERCENT COVER 
1991 1992 % Change 
Triglochin maritimum 0.0% 0.2% 0.2% 
Juncus balticus 12.1% 8.6% -3.5% 
Juncus ensifo/ius 0.0% 0.2% 0.2% 
Carex athrostachya 5.1% 4.9% -0.3% 
Carex douglasii 0.0% 2.6% 2.6% 
Carex rostrata 1.3% 1.8% 0.5% 
E/eocharis pa/ustris 0.8% 2.4% 1.6% 
E/eocharis parvu/a 1.8% 0.0% -1.8% 
Scirpus acutus 0.4% 0.3% -0.1% 
Scirpus americanus 0.0% 0.4% 0.4% 
Sparganium eurycarpum 0.2% 0.3% 0.2% 
Typha /atifo/ia 1.5% 3.7% 2.3% 
Alopecurus aequa/is 0.2% 0.6% 0.3% 
Alopecurus pratensis 0.1% 0.2% 0.1% 
Ca/amagrostis neg/ecta 0.0% trace trace 
Distich/is stricta 0.1% 0.2% 0.1% 
Eragrostis hypnoides 7.8% 2.9% -4.9% 
Hordeum jubatum 3.4% 1.6% -1.8% 
Phalaris arundinacea 0.0% trace trace 
Poa pa/ustris 0.0% 0.2% 0.2% 
Po/ypogon monspeliensis 0.6% 2.3% 1.7% 
Equisitum sp. trace 0.1% 0.1% 
Urtica dioica 0.1% trace trace 
Po/ygonum lapathifolium 0.1% 0.3% 0.2% 
Po/ygonum persicaria 0.1% 0.5% 0.4% 
Rumex crispus trace 0.7% 0.7% 
Rumex maritimus 1.3% 0.1% -1.1% 
Rumex salicifolius 1.0% 0.2% -0.8% 
Atriplex patula 0.8% trace -0.7% 
Bassia hyssopifolia 0.2% 0.2% 0.0% 
Chenopodium album 0.0% 0.6% 0.6% 
Chenopodium rubrum 0.2% 1.4% 1.2% 
Mantia parvif/ora trace 0.0% trace 
Ranunculus cymba/aria 2.0% 1.9% -0.2% 
Lepidium latifolium 2.0% 3.0% 1.1% 
Rorippa islandica 0.2% 2.1% 2.0% 
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TABLE VIII 
TRANSECT #3A - PERCENT COVER 
(continued) 
1991 1992 % Change 
Geum macrophyllum 0.0% trace trace 
Potentilla anserina 6.9% 9.9% 3.0% 
Potentilla biennis 0.2% 0.3% 0.1% 
Trifolium sp. 0.1% trace -0.1% 
Epilobium glandu/osum 2.1% 4.1% 2.0% 
Hippuris vu/garis 0.0% 0.5% 0.5% 
Circuta douglasii 0.2% 0.2% 0.0% 
G/aux maritima 1.0% 4.2% 3.3% 
Veronica anagallis-aquatica 0.9% 1.0% 0.1% 
Veronica catenata 1.3% 3.2% 1.9% 
Plantago major var. major 0.1% 0.3% 0.2% 
Artemesia biennis 0.2% 2.2% 2.0% 
Aster frondosus 0.7% 8.5% 7.8% 
Bidens cernua 6.2% 4.7% -1.5% 
Circium arvense 1.9% 2.4% 0.5% 
Gnaphalium palustre 4.4% 0.2% -4.2% 
So/idago occidenta/is 0.1% 1.9% 1.8% 
Xanthium strumarium 0.1% 0.0% -0.1% 
Bare Ground 29.8% 31.9% 2.1% 
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TABLE IX 
TRANSECT #3A - FREQUENCY 
1991 1992 % Change 
Trig/ochin maritimum 0.0% 4.2% 4.2% 
Juncus balticus 70.8% 66.7% -4.2% 
Juncus ensifo/ius 0.0% 4.2% 4.2%· 
Carex athrostachya 45.8% 45.8% 0.0% 
Carex doug/asii 0.0% 20.8% 20.8% 
Carex rostrata 29.2% 29.2% 0.0% 
Eleocharis pa/ustris 8.3% 33.3% 25.0% 
E/eocharis parvula 8.3% 0.0% -8.3% 
Scirpus acutus 20.8% 20.8% 0.0% 
Scirpus americanus 0.0% 8.3% 8.3% 
Sparganium eurycarpum 12.5% 16.7% 4.2% 
Typha latifolia 58.3% 58.3% 0.0% 
Alopecurus aequalis 8.3% 16.7% 8.3% 
Alopecurus pratensis 8.3% 4.2% -4.2% 
Ca/amagrostis neglecta 0.0% 4.2% 4.2% 
Distichlis stricta 8.3% 12.5% 4.2% 
Eragrostis hypnoides 29.2% 12.5% -16.7% 
Hordeum jubatum 37.5% 50.0% 12.5% 
Phalaris arundinacea 0.0% 4.2% 4.2% 
Poa pa/ustris 0.0% 4.2% 4.2% 
Po/ypogon monspeliensis 29.2% 45.8% 16.7% 
Equisitum sp. 4.2% 8.3% 4.2% 
Urtica dioica 4.2% 4.2% 0.0% 
Polygonum /apathifolium 12.5% 20.8% 8.3% 
Polygonum persicaria 12.5% 25.0% 12.5% 
Rumex crispus 4.2% 8.3% 4.2% 
Rumex maritimus 37.5% 8.3% -29.2% 
Rumex salicifolius 8.3% 8.3% 0.0% 
Atriplex patula 4.2% 4.2% 0.0% 
Bassia hyssopifolia 4.2% 4.2% 0.0% 
Chenopodium album 0.0% 4.2% 4.2% 
Chenopodium rubrum 16.7% 12.5% -4.2% 
Mantia parviflora 4.2% 0.0% -4.2% 
Ranuncu/us cymbalaria 41.7% 37.5% -4.2% 
Lepidium latifolium 4.2% 37.5% 33.3% 
Rorippa is/andica 12.5% 41.7% 29.2% 
Geum macrophyl/um 0.0% 4.2% 4.2% 
Potentilla anserina 58.3% 62.5% 4.2% 
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TABLE IX 
TRANSECT #3A - FREQUENCY 
(continued) 
1991 1992 % Change 
Potentilla biennis 12.5% 20.8% 8.3% 
Trifo/ium sp. 12.5% 4.2% -8.3%. 
Epilobium glandu/osum 54.2% 58.3% 4.2% 
Hippuris vulgaris 0.0% 8.3% 8.3% 
Circuta douglasii 4.2% 8.3% 4.2% 
G/aux maritima 25.0% 41.7% 16.7% 
Artemesia biennis 20.8% 29.2% 8.3% 
Aster frondosus 20.8% 50.0% 29.2% 
Bidens cemua 33.3% 37.5% 4.2% 
Circium arvense 12.5% 37.5% 25.0% 
Gnaphalium pa/ustre 33.3% 8.3% -25.0% 
So/idago occidenta/is 4.2% 25.0% 20.8% 
Xanthium strumarium 8.3% 0.0% -8.3% 
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TABLEX 
TRANSECT #38 - PERCENT COVER 
1991 1992 % Change 
Juncus balticus 2.4% 1.9% -0.5% 
Eleocharis pa/ustris 0.4% 3.3% 3.0% 
Carex rostrata 0.2% 0.0% -0.2%. 
Scirpus acutus 3.8% 1.1% -2.6% 
Alopecurus pratensis 0.9% 0.0% -0.9% 
Beckmannia syzigachne 1.3% 0.0% -1.3% 
Eragrostis hypnoides 14.1% 0.0% -14.1% 
Hordeum jubatum 2.8% 6.5% 3.7% 
Phalaris arundinacea 0.0% 0.8% 0.8% 
Poa palustris 0.0% 0.6% 0.6% 
Po/ypogon monspeliensis 0.2% 0.5% 0.3% 
Sparganium eurycarpa 10.1% 3.5% -6.6% 
Typha latifolia 4.7% 35.8% 31.1% 
Po/ygonum sp. 0.2% 0.0% -0.2% 
Rumexsp. 0.2% 2.4% 2.2% 
Atriplex sp. 0.0% 0.2% 0.2% 
Atriplex patula 4.7% 0.3% -4.4% 
Bassia hyssopifolia 1.9% 0.0% -1.9% 
Chenopodium rubrum 0.4% 0.0% -0.4% 
Lepidium /atifo/ium 0.0% 9.2% 9.2% 
Ranuncu/us cymba/aria 2.1% 0.0% -2.1% 
Brassica sp. 5.6% 0.0% -5.6% 
Rorippa is/andica 0.2% 0.3% 0.1% 
Potentilla anserina 0.4% 17.7% 17.3% 
Potentilla biennis 0.6% 0.3% -0.2% 
Melilotas officionalis 0.9% 0.0% -0.9% 
Trifolium sp. 0.2% 0.0% -0.2% 
Epilobium sp. 0.0% 1.9% 1.9% 
G/aux maritima 0.2% 0.0% -0.2% 
Heliotropium curassavicum 0.0% 0.6% 0.6% 
Veronica anagallis-aquatica 0.9% 0.5% -0.5% 
Aster frondosus 19.1% 0.2% -19.0% 
Bidens cernua 1.5% 1.9% 0.4% 
Circium arvense 0.2% 2.4% 2.2% 
Solidago occidentalis 0.2% 0.0% -0.2% 
Bare Ground 19.7% 8.0% -11.7% 
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TABLE XI 
TRANSECT #38 - FREQUENCY 
1991 1992 % Change 
Juncus balticus 40.0% 33.3% -6.7% 
Eleocharis pa/ustris 20.0% 50.0% 30.0% 
Carex rostrata 20.0% 0.0% -20.0% 
Scirpus acutus 80.0% 50.0% -30.0% 
Alopecurus pratensis 40.0% 0.0% -40.0% 
Beckmannia syzigachne 60.0% 0.0% -60.0% 
Eragrostis hypnoides 20.0% 0.0% -20.0% 
Hordeum jubatum 20.0% 50.0% 30.0% 
Pha/aris arundinacea 0.0% 16.7% 16.7% 
Poa pa/ustris 0.0% 33.3% 33.3% 
Po/ypogon monspeliensis 20.0% 16.7% -3.3% 
Sparganium eurycarpa 60.0% 50.0% -10.0% 
Typha latifolia 60.0% 50.0% -10.0% 
Po/ygonum sp. 20.0% 0.0% -20.0% 
Rumexsp. 20.0% 16.7% -3.3% 
Atriplex sp. 0.0% 16.7% 16.7% 
Atrip/ex patu/a 20.0% 16.7% -3.3% 
Bassia hyssopifolia 40.0% 0.0% -40.0% 
Chenopodium rubrum 20.0% 0.0% -20.0% 
Lepidium latifolium 0.0% 33.3% 33.3% 
Ranunculus cymbalaria 40.0% 0.0% -40.0% 
Brassies sp. 20.0% 0.0% -20.0% 
Rorippa islandica 20.0% 16.7% -3.3% 
Potentilla anserina 40.0% 50.0% 10.0% 
Potentilla biennis 40.0% 16.7% -23.3% 
Meli/otas officiona/is 20.0% 0.0% -20.0% 
Trifo/ium sp. 20.0% 0.0% -20.0% 
Epilobium sp. 0.0% 66.7% 66.7% 
Glaux maritima 20.0% 0.0% -20.0% 
He/iotropium curassavicum 0.0% 16.7% 16.7% 
Veronica anagallis-aquatica 60.0% 16.7% -43.3% 
Aster frondosus 60.0% 16.7% -43.3% 
Bidens cemua 40.0% 50.0% 10.0% 
Circium arvense 20.0% 16.7% -3.3% 
Solidago occidentalis 20.0% 0.0% -20.0% 
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Figure 6. Comparison chart for mud flat, emergent and 
other species in Unit 5. 
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mudflat appearing on Transect #JA in 1992. This is 
substantiated by the increase in bare ground cover, from 
30% to 32%. Dominant species on Transect #3A are Juncus 
balticus, Potentilla anserina, Typha latifolia, Carex 
athrostachya, Aster frondosus and Epilobium glandulosum .. 
Dominant species on Transect #3B are Typha latifolia, 
Potentilla anserina, Lepidium latifolium, Hordeum jubatum 
and Eleocharis palustris. 
Ecological area #6 
Frequency and percent coverage data are listed in 
Tables 12-15. In contrast to the above ecological areas, 
species richness increased on both transects. The number 
of species on Transect #4 increased from 8 to 10 and from 
7 to 8 on Transect #5. There was a dramatic decrease in 
the germinating emergents (Scirpus maritimus, Scirpus 
acutus and Juncus balticus) as well as the mudflat species 
(Aster frondosus and Chenopodium rubrum) on Transect #4 
(Figure 7). Another Scirpus species, probably s. 
nevadensis, increased in frequency on both transects. It 
is found in alkaline wet areas but here it was heavily 
mixed with upland grasses and was not growing as an 
emergent. Heliotropium curassavicum decreased 
significantly on Transect #5 as Bassia hyssopifolia and 
Distichlis stricta became dominant. Grasses (Distichlis 
stricta, Hordeum jubatum, Puccinellia nuttalliana) were 
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TABLE XII 
TRANSECT #4 - PERCENT COVER 
1991 1992 % Change 
Juncus ballicus trace 0.0% trace 
Scirpus acutus trace trace 0.0% 
Scirpus maritimus 1.0% 0.3% -0.7% 
Scirpus sp. (probably nevadensis) 0.0% 0.4% 0.4% 
Distichlis stricta 5.5% 49.0% 43.6% 
Hordeum jubatum 0.1% 4.8% 4.7% 
Puccinellia nuttalliana 0.0% 8.0% 8.0% 
Bassia hyssopifolia 0.0% 0.4% 0.4% 
Chenopodium sp. 0.1% 0.0% -0.1% 
Kochia scoparia 0.0% trace trace 
Suedaspp. 0.0% 0.4% 0.4% 
Heliotropium curassavicum 2.2% 4.2% 2.0% 
Aster frondosus 7.7% 0.0% -7.7% 
Bare Ground 84.5% 33.2% -51.3% 
TABLE XIII 
TRANSECT #4 - FREQUENCY 
1991 1992 % Change 
Juncus balticus 4.4% 0.0% -4.4% 
Scirpus acutus 4.4% 4.0% -0.4% 
Scirpus maritimus 43.5% 8.0% -35.5% 
Scirpus sp. (probably nevadensis) 0.0% 20.0% 20.0% 
Distichlis stricta 52.2% 100.0% 47.8% 
Hordeum jubatum 4.4% 36.0% 31.7% 
Puccinel/ia nuttalliana 0.0% 40.0% 40.0% 
Bassia hyssopifolia 0.0% 12.0% 12.0% 
Chenopodium sp. 4.4% 0.0% -4.4% 
Kochia scoparia 0.0% 4.0% 4.0% 
Sueda spp. 0.0% 16.0% 16.0% 
Heliotropium curassavicum 47.8% 64.0% 16.2% 
Aster frondosus 30.4% 0.0% -30.4% 
32 
TABLE XIV 
TRANSECT #5 - PERCENT COVER 
1991 1992 % Change 
Scirpus sp. 0.2% 1.2% 1.0% 
Distich/is stricta 3.0% 40.2% 37.2% 
Hordeum jubatum 1.0% 0.6% -0.4% 
Puccinellia nuttal/iana 0.3% 0.9% 0.7% 
Bassia hyssopifolia 1.8% 7.7% 5.8% 
Kochia scoparia 0.0% 1.0% 1.0% 
Sueda spp. 7.2% 10.9% 3.8% 
He/iotropium curassavicum 7.8% 0.8% -7.0% 
Bare Ground 78.8% 36.7% -42.0% 
TABLE XV 
TRANSECT#5-FREQUENCY 
1991 1992 % Change 
Scirpus sp. 13.0% 25.9% 12.9% 
Distich/is stricta 65.2% 92.6% 27.4% 
Hordeum jubatum 17.4% 11.1% -6.3% 
Puccinellia nuttalliana 8.7% 3.7% -5.0% 
Bassia hyssopifolia 8.7% 40.7% 32.0% 
Kochia scoparia 0.0% 11.1% 11.1% 
Sueda spp. 34.8% 59.3% 24.5% 
He/iotropium curassavicum 52.2% 7.4% -44.8% 
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Figure 7. Comparison chart for mud flat, emergent and 
other species in Unit 6. 
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dominant on Transect #4 and chenopods (Bassia 
hyssopifolia, Sueda spp.) were dominant on Transect #5. 
Soil analyses 
Analyses of soil samples gathered at all transects 
are shown in Table 16. Soil samples acquired for seed 
bank studies did not produce any seedlings except for a 
Veronica species in a sample gathered from Transect #3B. 
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TABLE XVI 
SOIL SAMPLE DATA 
TR#1 TR #2 TR #3A TR #38 TR#4 TR#S 
pH 8.3 8.7 7.8 7.5 10.2 9.6 
P (ppm) 12 21 56 23 30 23 
K (ppm) 1521 1794 612 722 3354 2925 
Ca (meq/1 OOg) 34 30.1 32.7 45 25.8 28.2 
Mg (meq/1 OOg) 8.5 9.4 11.8 16.5 4.4 4.4 
Na (meq/1 OOg) 25.1 31.4 5.2 2.6 34.6 32.8 
Total Nitrogen(%) 0.403 0.226 0.308 0.5 0.206 0.23 
Cation Exchange Capacity 31.9 25.1 29.1 33.1 27.6 26.9 
Soluble Salts 13 45 4.7 5.1 9 14 
CHAPTER IV 
DISCUSSION 
Buried seed reserves of species with long-lived 
propagules provide the potential for survival during 
unfavorable periods and the reestablishment of those 
species when environmental conditions change. However, 
species with propagules that are viable for less than one 
year depend on various methods of transport to favorable 
environments from year to year (van der Valk, 1980). At 
Malheur Lake seeds are frequently borne by the wind, by 
water currents, or by waterfowl. 
Seed banks 
Both emergent and mud flat species have seeds that 
remain viable in the wetland substrate for long periods of 
time (Weller and Spatcher, 1965). Emergents are able to 
reproduce vegetatively during times of high water, but 
their propagules require mud flats or shallow water for 
germination. Mud flat species are generally annuals with 
seeds that germinate when mud flats appear. Malheur Lake 
emergents include Scirpus acutus, Scirpus americanus, 
Scirpus maritimus, Juncus balticus, Sparganium eurycarpum, 
and Typha latifolia and common mud flat species 
encountered are Heliotropium curassavicum, Aster 
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frondosus, Chenopodium rubrum, Gnaphalium palustre and 
Eragrostis hypnoides. Once the water level receded to 
pre-flood boundaries, germination of propagules recruited 
from the seed bank was expected for emergent and mud flat 
vegetation (Pederson, 1985). I observed this response in 
the western and eastern ecological areas when several 
species of Scirpus seedlings appeared. Litter 
accumulation in the form of algal mats could have hindered 
the appearance of other species. 
Large mats of filamentous algal species, primarily 
Rhizoclonium hieroglyphicum, accumulated along the edge of 
very shallow water. As the water level dropped, dried 
mats of the thick, organic material remained (Figure 
8a,b). Van der Valk (1986) reported that emergent and 
algal litter have a negative effect on seed germination. 
He assessed seed germination over a two year period of 
marsh drawdown following two years of flooding. The 
negative effect of litter on seed germination was 
attributed to reduced light intensity at the soil surface, 
reduced soil temperature, physical resistance of the algal 
mat to penetration by seedlings and possibly allelopathy. 
When he removed the algal litter, shoot densities 
increased by 193% the first year. No additional increase 
occurred in subsequent years. 
Algal mats around Malheur Lake tend to decompose over 
Figure aa. Algal mats (Rhizoclonium 
hieroglyphicum) located in Unit 4, 
Transect #2, 1991. 
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Figure 8b. Algal mats along receding shoreline in Unit 5, 
Transect #5, 1991. 
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the winter months. Any potential physical barrier to seed 
germination is eliminated and the organic residue may 
actually provide nutrients to future seedlings. The 
absence of seed germination under the algal mats in the 
first year was followed by a year of limited germination. 
The resulting seedlings did not survive as the water 
levels dropped dramatically in response to drought. 
Van der Valk (1986) found that residual litter from 
emergent plants that persisted after flooding had a 
negative effect on seed germination as well. At Malheur 
Lake, most standing and fallen litter from marsh plants 
had washed away or decomposed during high water. Root 
systems and stem stubble were visible in the mud, but were 
decayed in large part by the end of the first year (Figure 
9). The residual litter could also reduce light and soil 
temperature and act as a physical barrier to prevent 
germination of buried seed reserves. 
Seed Dispersal 
Flooded upland areas probably did not have buried 
seed reserves of emergents and mud flat species. Several 
species of pre-flood emergent vegetation in ecological 
unit #4 that depend on water currents for dispersal 
appeared briefly in the upper reaches of the upland 
section of Transect #1. Juncus balticus seeds germinated 
at the maximum heighth of the flooded shoreline. They did 
Figure 9. Residual litter of pre-flood emergent 
vegetation, Unit 4, 1991. 
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not survive the drought that followed recession of the 
high water nor did they flower to replenish the seed bank. 
The west end of the lake (ecological unit #4) 
dramatically demonstrated the effect of wind-borne seeds. 
As the shoreline receded, vast areas of mud with little . 
gradient were exposed. These dried into pavement terrazo-
like tiles with deep, damp cracks between them (Figure 
lOa). The winds from the southwest carried Hordeum 
jubatum and Bassia hyssopifolia seeds over the bare 
mudflats and deposited them in the cracks, an ideal 
environment for germination. As a result, the seedlings 
were disbursed over large areas in such a manner that 
there was little intraspecific competition. Nutrients 
were available and ideal moisture conditions existed for 
growth (Figure lOb). Species that grew to an average 
heighth of less than 50 centimeters elsewhere were found 
to exceed 1.5 meters in this area (Figure 11). 
Ecological unit #6 on the east end of the lake at 
Transect #4 experienced a similar dispersal phenomenon. 
Hordeum jubatum seeds were blown from a nearby source and 
germinated in mud cracks to establish a pure, luxuriant 
stand of that bunchgrass (Figure 12). No such seed source 
for dispersal was available at Transect #5 and a tiled 
mudflat extending 2.82 kilometers was colonized only by 
Scirpus americanus, a species having long-lived seeds, 
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Figure lOa. Lake bed pavement tiles, Unit 4 near Transect 
#2, June 1991. · 
Figure lOb. Dispersed seedlings between tiles in lake 
bed, Unit 4 near Transect #2, August 1991. 
Figure 11. Bassia hyssopifolia growing to height of 1.5 
meters, Unit 4, Transect #2, August 1992 (Investigator 
circled) • 
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Figure 12. Hordeum jubatum growing in mud cracks, Unit 6, 
Transect #4, August 1992. 
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which appeared in very large patches. These patches of 
Scirpus did not survive to flower due·to drought as the 
water table dropped. Debris from the vegetative patches 
provided a trap to windborne seeds of Bassia hyssopifolia, 
Kochia scoparia, and Sueda spp., species that appeared the 
following year. 
Transects in ecological unit #5 did not experience 
the striking loss of moisture as flood waters receded. 
Some ponding had been created near the mouth of the 
Blitzen River. Water dropped to pre-flood levels and 
remained near that level throughout the study. 
Recruitment of seedlings from the seed bank was extensive 
and the cover of emergents increased steadily. In 
addition, seeds could have been carried from the river 
marshes by river currents. 
Seed dispersal by mammals and waterfowl is difficult 
to assess. In the past, waterfowl production has been 
high in Unit 4 and 6. Elimination of emergent vegetation 
has eliminated the preferred waterfowl habitat with the 
result that the only bird species noted were egrets and a 
few shorebirds. Certainly seed dispersal via waterfowl is 
reduced in direct correlation with low bird density. 
Cattle, deer and antelope occasionally graze along the 
shoreline and can be a factor in introduction and 
dispersal of species as well. In one instance a single 
45 
specimen of Lepidium perfoliatum that had flowered and set 
seed was found growing in cow manure near Transect #4. 
This species had not been noted previously in any of the 
study areas. 
Species abundance 
Species richness appears to be determined generally 
by three factors: soil moisture, soil alkalinity, and a 
plentiful seed source. Transects #3A and 3B in Unit 5, 
with 47 and 29 species respectively, demonstrate the 
effect of a consistent moisture supply, pH levels of 7.8 
and 7.5, and a abundant seed source from the Malheur marsh 
carried by the Blitzen River. Transects #1 and #2 in Unit 
4, both populated with 9 species each, reflect the effects 
of the drought and pH levels of 8.3 and 8.7. The number 
of species that were able to survive was limited. Wave 
action brought seeds of Juncus balticus at the height of 
the flood as floodwater overflowed to Harney Lake. The 
effect of currents was reduced as lake elevations dropped 
below 1247.5 meters in March, 1991. The Juncus seeds 
germinated, but seedlings did not survive. In Unit 6, 10 
species occurred on Transect #4 and 8 on Transect #5. 
These were mostly halophytes, germinating and thriving in 
soil of pH 10.2 and 9.6 respectively. Prevailing winds 
are from the southwest over the lake, and I believe that 
Cole Island Ridge Dike and Juncus Ridge intercept the 
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dispersal of seeds to Unit 6 that originate at the Blitzen 
and Silvies Rivers dr~inage. 
Seed bank study 
The seed bank studies did not produce appreciable 
results, but does not necessarily measure the size of the 
seed bank nor the reproductive potential. It may be that 
vernalization, or scarification is a requirement for 
germination. Improper conditions, light, proper redox 
potential or pathogens may also have been factors (Haag, 
1983). 
A list of plant species identified during this study 
appears in the appendix. Seventeen species were found 
that did not appear on Morton E. Peck's list (Table 17). 
Sueda depressa and Sueda occidentalis have been listed as 
Sueda spp. in the study due to identification difficulties 
with seedlings in the first two years. Three new species, 
two of which are becoming dominant in the ecological unit 
#4 and #5, are Eurasian weeds (Hitchcock and Cronquist, 
1973). They are Bassia hyssopifolia and Kochia scoparia 
in Units 4 and 6, and Lepidium latifolium in Unit 5. 
TABLE XVII 
SPECIES TO ADD TO THE MALHEUR LAKE PLANT LIST 
Scientific name 
POACEAE (GRAMINEAE) 
Alopecurus pratensis 
Eragrostis hypnoides 
CYPERACEAE 
Carex athrostachya 
Carex douglasii 
POLYGONACEAE 
Polygonum persicaria 
CHENOPODIACEAE 
Bassia hyssopifolia 
Kochia scoparia 
Sueda occidentalis 
BRASSICACEAE 
Common name 
Meadow Foxtail 
Creeping Lovegrass 
Slenderbeaked Sedge 
Douglas' Sedge 
Spotted Smartweed 
Bassi a 
Burning bush 
Slender seablite 
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Lepidium latifolium 
Rorippa islandica 
Broadleaf ed Pepperwort 
Marsh Yellowcress 
GENTIANACEAE 
Centaurium exaltatum Western Centaury 
LAMIACEAE 
Lycopus asper Rough Bugleweed 
SCROPHULARIACEAE 
Veronica anagallis-aquatica Water pimpernel 
Veronica catenata Chain speedwell 
PLANTAGINACEAE 
Plantago major var. major Common Plantain 
TABLE XVII 
SPECIES TO ADD TO THE MALHEUR LAKE PLANT LIST 
(continued) 
ASTERACEAE 
Aster f rondosus 
Xanthium strumarium 
Alkali aster 
Common cocklebur 
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CHAPTER V 
CONCLUSIONS 
The reestablishment of vegetation at Malheur Lake 
following a severe seven-year flood generally was a 
secondary succession of mud flat species and emergent 
seedlings, followed by weedy Eurasian annuals. Data 
suggests that recovery of marsh vegetation was severely 
impaired by the ensuing drought. Seedlings of emergent 
vegetation recruited from seed banks generally did not 
survive, a condition which may have seriously depleted the 
existing seed bank. Sources of emergent vegetation with 
wind-dispersed seeds such as Typha latifolia are limited 
to Ecological unit 5 to the east of the southwest 
prevailing winds. It therefore appears that the recovery 
in Unit 4 may be prolonged. Although some seedlings of 
Scirpus acutus do remain, there were no seedlings of 
Sparganium eurycarpum, Typha latifolia or Juncus balticus 
noted in 1992. Weedy species dominated the transects 
during the drought. Reflooding of the areas would be 
necessary to create mud flats for recolonization by 
emergent species. 
In his study of diversity in tropical rain forests 
50 
and coral reefs, Joseph H. Connell (1978) maintains that 
the rate of recovery is often slower than the frequency of 
natural disturbances. In addition, species diversity 
tends to be lower when disturbances are of extremely high 
intensity and the intervals between them are shortened, 
but it tends to be higher when disturbances are of an 
intermediate intensity. Since Unit 5 did not experience 
the extreme intensity of the drought due to its deeper 
nature and ponding, it is expected to recover more 
quickly. Species diversity is naturally higher in this 
area with a pH nearer to neutral. Additionally, the two 
rivers flowing into the unit carry seeds from the marsh. 
Although species richness increased slightly in Unit 
6, the majority of dominant species are facultative, 
equally likely to occur in wetlands and non-wetlands. 
Percent cover of emergents decreased dramatically, but 
large patches of Scirpus maritimus flowered and 
replenished the seed bank before succumbing to the 
drought. It would be expected, therefore, that once water 
levels rise to average levels, recruitment of propagules 
of Scirpus maritimus would result. 
Annual mud flat species germinated and flowered, 
thereby replenishing the seed bank. Seeding recruitment 
of Aster frondosus, Chenopodium rubrum, and Heliotropium 
curassavicum in mud flats can be expected as shorelines 
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rise and fall. 
In the year after this study was completed, a winter 
of unusually deep snowpack in the mountains coupled with a 
very wet spring caused Malheur Lake to rise 122 
centimeters to a surface elevation of 1248 meters by May 
31, 1993. Surface area covered 15,905 hectares, up from 
162 hectares the previous year. Further vegetation 
studies to determine frequency changes and cover in 
relation to changes in rising water levels will provide 
data needed to fill current information gaps on the nature 
of the vegetation bordering Malheur Lake. 
---
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APPENDIX A 
RANDOM METHOD OF LOCATING QUADRATS 
A one-meter square quadrat constructed of PCV pipe 
was used to survey vegetation along transects. Quadrats 
were randomly placed along the transect by using a random 
numbers table from Statistics (Mcclave and Dietrich, 
1988). The first two digits of the number indicated the 
number of meters to travel along the transect. A maximum 
distance for each randomized segment along the transect 
was determined by noting the total length of the transect 
line and estimating the number of quadrats needed. If the 
maximum distance was exceeded, only the first digit of the 
random number was used. The following digit determined 
the number of meters to travel perpendicular to that point 
on the transect line. If that number was odd, the quadrat 
was placed at that distance to the left, and if the number 
was even the quadrat was placed to the right. At the 
conclusion of sampling, a species:area curve was graphed 
to verify an adequate number of quadrats. 
EQUISITACEAE 
Equisitum sp. 
TYPHACEAE 
Typha latifolia 
SPARGANIACEAE 
APPENDIX B 
PLANT LIST 
Sparganium eurycarpum 
JUNCAGINACEAE 
Triglochin maritima 
POACEAE 
Alopecurus aequalis 
Alopecurus pratensis 
Beckmannia syzigachne 
Calamagrostis neglecta 
Distichlis stricta 
Eragrostis hypnoides 
Hordeum jubatum 
Phalaris arundinacea 
Poa pratensis 
Polypogon monspeliensis 
Puccinellia nuttalliana 
CYPERACEAE 
Carex athrostachya 
Carex douglasii 
Carex rostrata 
Eleocharis palustris 
Eleocharis parvula 
Scirpus acutus 
Scirpus americanus 
Scirpus maritimus 
Scirpus nevadensis 
JUNCACEAE 
Juncus balticus 
Juncus ensif olius 
URTICACEAE 
Urtica dioica 
POLYGONACEAE 
Polygonum sp. 
Polygonum lapathifolium 
Polygonum persicaria 
Rumex sp. 
Rumex crispus 
Rumex maritimus 
Rumex salicifolius 
CHENOPODIACEAE 
Atriplex sp. 
Atriplex patula 
Bassia hyssopifolia 
Chenopodium sp. 
Chenopodium album 
Chenopodium rubrum 
Kochia scoparia 
Sueda sp. 
Sueda depressa 
Sueda occidentalis 
PORTULACACEAE 
Montia parvif lora 
RANUNCULACEAE 
Ranunculus cymbalaria 
BRASSICACEAE 
Brassica sp. 
Lepidium latif olium 
Rorippa islandica 
ROSACEAE 
Geum macrophyllum 
Potentilla anserina 
Potentilla biennis 
FABACEAE 
Melilotas off icionalis 
Trifolium sp. 
ONAGRACEAE 
Epilobium sp. 
Epilobium glandulosum 
HIPPURIDACEAE 
Hippuris vulgaris 
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APIACEAE 
Circuta douglasii 
PRIMULACEAE 
Glaux maritima 
GENTIANACEAE 
Centaurium exaltatum 
BORAGINACEAE 
Heliotropium curassavicum 
LAMIACEAE 
Lycopus asper 
Mentha arvensis 
SCROPHULARIACEAE 
Veronica anagallis-aquatica 
Veronica catenata 
PLANTAGINACEAE 
Plantago major var. major 
ASTERACEAE 
Artemesia biennis 
Aster frondosus 
Bidens cernua 
Circium arvense 
Gnaphalium palustre 
Solidago occidentalis 
Xanthium strumarium 
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